
THE REALITIES OF  
NEW ENGLAND HURRICANES    

BOB, 1991 

CAROL, 1954 

1938 HURRICANE 



People of my generation remember Bob (1991),  
Gloria (1985) – we have a Warped Sense of Reality 



TROPICAL STORM IRENE 





 
TROPICAL STORM IRENE 
 
Wind Gusts from Irene reached a 
maximum of 67 MPH. 
 
 
T.S. Irene downed approximately 
1 – 2% of the State’s Trees 
 
T.S. Irene resulted in over 
800,000 power outages requiring 
9 days to fully restore. 
 
 
Total damages estimated at 200 
Million Dollars 
 
  
 

 
MAJOR HURRICANE 
 
Instantaneous Maximum Wind 
Gusts in a fast moving major 
hurricane can reach close to 200 
MPH. 
 
A major hurricane may down up to 
70 - 80% of the State’s trees. 
 
A major hurricane may black out the 
entire state, some areas for an 
extended period of time (over a 
month).  
 
Total damages estimated in the tens 
of billions of dollars.   

COMPARISON OF TROPICAL STORM IRENE 
 VS.  

A MAJOR HURRICANE 

Governors S.T.O.R.M. Briefing     October 25th, 2011 
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Estimated Damages to Connecticut 
(HAZUS MH) 

Direct Economic Losses to 
Buildings which are the Combined 

total of Building Damage and 
Economic Disruption 

54.2 Billion Dollars 
 

HAZUS MH MODELED REPEAT OF THE 1938 HURRICANE 
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Estimated Sheltering of Storm 
Victims 

(HAZUS MH) 

 144,131 Displaced 
Households 

364,651 Displaced Individuals 
 

 

HAZUS MH MODELED REPEAT OF THE 1938 HURRICANE 
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ESTIMATED CRITICAL 
FACILITIES FUNCTIONALITY  

(Police, Fire, EMS) 

THE DAY AFTER A MAJOR 
HURRICANE  

3% 
 

HAZUS MH MODELED REPEAT OF THE 1938 HURRICANE 
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ESTIMATED HOSPITAL 
FUNCTIONALITY  

AFTER A MAJOR HURRICANE 

                    DAY 1 - 3% 

                      DAY 3 - 12% 

                      DAY 7 - 15% 

                     DAY 30 – 40% 
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ESTIMATED DEBRIS CLEANUP  

AFTER A MAJOR HURRICANE 

47 MILLION TONS 

EQUALING 1,900,000 TRUCK 
LOADS 

(Equal to all the trash Generated in 
Connecticut in 1 Year) 

                  

HAZUS MH MODELED REPEAT OF THE 1938 HURRICANE 
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• Four Category 2 & 3 hurricanes in a        
16-year period: 

      Great New England Hurricane of 1938 (3) 
       Great Atlantic Hurricane of 1944 (3) 
       Hurricane Carol – 1954 (3) 
       Hurricane Edna – 1954 (2) 
          (occurred within 12 days of each other!) 
 
 
 
 
 
 







THE HURRICANE 

View of Hurricane Elena from  
Space Shuttle (1985) 



THE EYE OF ELENA,  
(AS SEEN BY THE SPACE SHUTTLE) 



No hurricane talk would be complete without first thanking  
the Air Force for their reconnaissance missions,  

which provide us with critical information! 



SOURCE REGIONS:   
Cape Verde & Bahamas 



 



Seasonal Tropical Cyclone Frequence
Southern New England 1900-2005 

0

4

8

12

1900s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s

Decade

Nu
m

be
r

Tropical Storms Hurricanes

Active vs. Inactive Periods 
1930s-1950s active vs. 1970s-1980s inactive 



TROUGH IN THE EAST 
This pattern can “capture” the tropical system! 







Common Characteristics 

• Rapid acceleration up the coast  
– Average speed – 33 mph as they raced through 

• Heavy rainfall usually focused along and west 
of the storm track 
– Nearly ½ of the storms since 1900 produced river/small 

stream flooding! 
– 6-8 inches of rainfall 

• High winds focused east of the track 
• Storm surges focused east of the track 

 













FEMA Hurricane Readiness − 
Coastal Communities 



Tropical Cyclones Impacting New England 

Point at which 
southern New England 
needs to take action! 



HURRICANE BOB (1991) OFF NORTH CAROLINA 





14 hours in advance of Bob, tropical storm force 
gusts and coastal roadways closing in Rhode Island !! 



Note the heavy rain north/west;  

sunshine and 125 mph winds south/east 





HURRICANE BOB - RAINFALL DATA
               (AUGUST 19, 1991)

½” of rain on Cape Cod;  7” of rain in Foster/Glocester, RI 



AUG.  17-20, 1955

Shortly after Connie, Diane dumped 18.15" in Westfield, MA
in one day – almost half their annual rainfall.

Dave’s grandmother used to say...



Speaking of cows...



Inland River Flooding - Diane (1955)



Consider the region’s flood history 
It’s often snowmelt or tropical rains! 

Route 44 west – Putnam, CT 

Before Tropical Storm Diane, 1955 



Flash Flooding from 12-14 inches of rainfall! 

Route 44 west – Putnam, CT 

After Tropical Storm Diane, 1955 



City of Woonsocket, RI was devastated! 

This shows the flooded “social/business” district 



1938 HURRICANE –  HARTFORD, CT  



1938 HURRICANE - Winchendon, MA - Millers River



IRENE FLOODING 

Connecticut River – Belows Falls, VT Green River – Leydon, MA 



NOW LET’S TALK ABOUT… 

            WIND… 





 



Saffir-Simpson Scale 

Category 5 – Winds > 155 mph           (EF3-EF5) 
Category 4 – Winds 131-155 mph  (EF2/EF3) 
Category 3 – Winds 111-130 mph  (EF2) 
Category 2 – Winds 96-110 mph           (EF1) 
Category 1 – Winds 74-95 mph    (EF1) 
 
 
 

 

Destructive potential of wind increases by the square of the wind 
speed! 



Kinetic Energy of Wind 

Type MPH KT Energy 
“Score” 

T.S. Factor 

Category 5 155 135 2413.4 15.8 

Category 4 131 114 1723.9 11.3 

Category 3 111 97 1237.7 8.1 

Category 2 96 83 925.8 6.1 

Category 1 74 64 550.1 3.6 

Severe 
Thunderstorm 

58 50 337.9 2.2 

Tropical 
Storm 

39 34 152.8 1 

“Score” is for each unit mass of air (1 kg ∝ 1 m3) 



TREE ON A HOUSE 
DURING BOB 

 

Sustained   40 mph 

Gusts          60 mph 



G 75-85
MPH

TREES/WIRES DOWN IN GLORIA (1985)

DON’T GO NEAR ELECTRICAL WIRES!!!!!



G 75-85
MPH

TREES/WIRES DOWN IN GLORIA (1985)



HURRICANE CAROL (1954)
Bonnet Shores, RITHIS IS 

CAT.  3
DAMAGE !

NOTE THE
INTERIOR
ROOMS
REMAIN 
INTACT



March 2000  
Ft. Worth, TX 
F2  intensity 

(115-140 mph)  
tornado damage 

What about a Category 3 (111-130 mph) 
hurricane for a half hour?  

Hurricanes & Tall Buildings 



Forest in Falmouth, MA after Bob (1991)



Martha’s Vineyard State Forest a few years after Bob (1991)





INLAND WINDS: 1938 HURRICANE

FACTORY LEVELED IN WOONSOCKET, RI



INLAND WINDS:  1938 HURRICANE 

      ALL THE WAY IN KEENE, NH



Sargent Motors in KEENE, NH (brick building)
DEMOLISHED by 1938 HURRICANE INLAND WINDS



      1938 HURRICANE:   PETERBOROUGH, NH
   Peterborough Transcript building on fire and flooded out.



Florida, 1992 

                    

  (1st of only 5 named storms that year)







Parking lot at the National Hurricane Center
                        Coral Gables, FL



Building Modifications –  
Install Hurricane Clips or Straps 



Do They Work? 
Which house had them, and which did not? 



EF-
Scale 

Wind 
Speed 

EF0 65-85 
EF1 86-109 
EF2 110-137 
EF3 138-167 
EF4 168-199 
EF5 200-234 

ENHANCED FUJITA 
TORNADO DAMAGE 
SCALE 

EF1 

EF2 

EF3 

EF4 

EF5 

EF0 



Gloria

Bob

Carol, 1938

       Hugo
Camille,
Andrew



THE DODGER DOG WIND SCALE
CATEGORY  0 :
NEAR CALM



CATEGORY 1:
10-20 mph



CATEGORY 2:
25-35 mph



CATEGORY 3:   40-50 mph



  CATEGORY 4: 
       100 mph



Tornadoes 
• Almost all tropical 

systems produce at least 
one tornado or 
waterspout! 

• Tornadoes can form 
hundreds of miles ahead 
of a tropical storm or 
hurricane 

• 90% of these tornadoes 
or waterspouts develop in 
the “right front” quadrant 

Greatest 
Tornado 
Threat 



 







NOW LET’S TALK ABOUT… 

     STORM SURGE… 



Why Is Surge Important? 
•  It can kill you & cripple coastal communities 
•  >50% of U.S. economic productivity - coast! 
•  Big population increase on our coast since ‘54 
 





Misquamicut, RI – 1938

BEFORE...

AFTER...





Storm Surge and Shore Slope 

• Shallow shelf – results in higher surges and lower waves 
• Steep shelf – results in lower surges and higher waves 

Shallow Shelf Incline Steep Shelf Incline 



A Preparedness Challenge 
• No Category 3 hurricanes have made landfall in 

southern New England since 1954 
– And no hurricane at all since 1991 

• Buildup in coastal population and infrastructure 
presents a high risk for life and property 

• Most New Englanders have not experienced a 
worst case scenario and many no hurricane at all! 
– Inexperienced population! 



LOW TIDE 



GLORIA CAME AT LOW TIDE !!!



HIGH TIDE 





Onset During 1938 Hurricane 



 CAROL ARRIVED ON A DECLINING TIDE

 FLOODING COMMENCED 4 HOURS BEFORE         
   MAXIMUM STORM SURGE



Carol’s track (1954) only produced 13 ft.  at Buzzards Bay

Photo credit:  Doc Taylor 



HURRICANE CAROL - 1954



HURRICANE CAROL – 1954



HURRICANE BOB (1991) GENERATED 6 TO 9 FOOT 
SURGE IN BUZZARDS BAY

Photo credit:  Doc Taylor 



Bob, 1991:   Falmouth, MA

Photo credit:  Doc Taylor 



IN MENAUHANT SECTION OF FALMOUTH, MA



    THE BALCONY;  THE SEA WALL

(Before Hurricane Bob’s 6 foot surge)

Photo credit:  Doc Taylor 



...DURING Bob’s 6 foot storm surge...

Photo credit:  Doc Taylor 









Wareham 

Swifts Beach 

Parkwood Beach 



Potential for 25+ feet of Surge at Gray Gables 



Gray Gables 

Wings Neck 

Mass. Maritime 

Bourne 



Flooded Car in Wareham/Bourne Area 

1938 Hurricane 



1938 Hurricane  
High Water Mark Sign 



A Carol or 1938 Hurricane on worst case track could 
produce about 14 feet of surge here 



For eastern Massachusetts: 
Max surge occurs after the center passes! 

• Simulation for 
Hurricane Edna, 1954 

• Note the surge of ~10 
feet in Wellfleet 
Harbor - occurs 
nearly 1.5 hours after 
the eye reaches the 
south side of the 
cape! 





Planning Tool: Worst case 
scenario inundation for each 
category hurricane 

http://www.mass.gov/eopss/agencies/mema/hurricane-inundation-
maps.html 



Scene from Woods Hole, MA – 1938 Hurricane
Wave Action 



Sandy’s Impact on the RI Coast 
• Storm surge of 4 to 5 feet 
• Huge waves 

– Over 45 feet offshore 
– Breaking waves at shoreline over 25 feet 

 



Sizable areas with about 4 feet 
inundation 



But most impressive of all…the 
complete erosion of the oceanfront 

dune 



And depositions in and behind 
ocean front homes/businesses 



Where did these come from? 



Cars buried when 
dunes were 
reconstructed after 
Carol in 1954! 



...lower your masts...

...majority were at least salvageable



Pawtuxet Cove, RI: 250 boats destroyed in one
marina alone (1938 Hurricane)



You feel safe because your boat is tied to 
SLIP-RING MOORINGS ?



THEY DON’T WORK !



... OR LINES CAN CHAFE ...



New Developments 
from National Hurricane Center 

• Storm Surge Warnings 
– Explicit Storm Surge Warning  

• versus implicit by a Hurricane Warning 

– Recommended by social scientists 
– Experimental in 2015 

• Dynamic inundation mapping 
– Visualization of inundation possible from a specific storm 
– Represents plausible worst case scenario (10% exceedance) 
– Does not incorporate wave runup/overwash 
– Currently only for tropical cyclones 

 



Rip Currents 

• Can occur more than 1000 miles in advance of a tropical 
system – depends on size and intensity 

• Often can catch people unaware of the risk because the 
weather is not “bad” at a particular location 

• Shallow beaches perpendicular to swell motion most at 
risk  



weather.gov/boston 



Putting Seasonal Forecasts  
in Perspective 

• If a perfect seasonal forecast predicts 
 
 
 

•  Do you think it is going to be a bad year?  
 

8 Named Storms 
3 Hurricanes 
1 Major Hurricane 



• THAT WAS THE 1938 
SEASON. 



Putting Seasonal Forecasts  
in Perspective 

• If a perfect seasonal forecast predicts 
 
 
 

•  Do you think it is going to be a bad year?  
 

7 Named Storms 
4 Hurricanes 
1 Major Hurricane 



• THAT WAS THE 1992 
SEASON… 

         (Hurricane Andrew!) 



1995 – 19 NAMED STORMS – NONE HIT NEW ENGLAND 

Allison -> Andrea; Iris -> Ingrid; Luis -> Lorenzo; Marilyn -> Melissa;               
Opal -> Olga;  Roxanne -> Rebekah;  

2007: 



Tropical Cyclones Impacting New England 

Point at which New 
England needs to  
take action! 



NWS TAUNTON:                       WWW.WEATHER.GOV/BOSTON 
NAT’L HURRICANE CENTER:  WWW.NHC.NOAA.GOV 
 

http://www.weather.gov/BOSTON
http://www.nhc.noaa.gov/


TWITTER:  @NWSBoston 
FACEBOOK: 
US National Weather Service Boston 



 

Click on Rivers & Lakes 



Making critical decisions early is key… 

But it has been 61 years since the last 
Category 3 Hurricane! 



Natural Calamity Strikes At 
About The Time When One 

Forgets Its Terror! 

...Japanese Proverb 



Failing to think through our answers and 
plan accordingly will have devastating 

results! 



 
 
 

“PREPARE”  
 
 

IS EASIER SAID THAN DONE!   



QUESTION: True or False? 
Candles are a                 good 
source of light in the event of a                          
power failure. 
True 56% 
False 44% 
 
 

QUESTION: True or False? Masking 
tape will help prevent  windows from 
shattering. 
True 54% 
False 46% 

QUESTION: 
Geographically, the 
majority of hurricane 
fatalities from 
drowning in the past 
33 years have  
occurred: 
A - On the open water 
7% 
B - Within two miles of 
the coast 19% 
C - In inland counties 
15% 
D - In coastal counties 
59% 

2005, Pre-Katrina 









Hurricane Isabel – September 2003 

Glenn Field & Bob Thompson 
NOAA/National Weather Service 

Taunton, MA 
 

Web: weather.gov/boston 
E-mails: glenn.field@noaa.gov 

                              robert.thompson@noaa.gov 
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